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moJten state in producing & plate group for a lead add 
storage battery by integrally weiding lugs of a plurality of 
plates (5*6) of the same polarity by casi-on-strap proc- 
ess. Accordng to the method, the strap is formed in tie 
following manner. A molten lead is fed in a strap forming 
ted (3) surrounded by an induction healing coil (2); con- 
trol of the temperature of the molten Jessd and preheat- 
ing of tha tps of the pJate lugs are carried out by the 
induction heating coll; the tips of the lugs isdipped in the 
mdten lead and kept at a given temperature; and, thar^ 
after, the mold is forcedly eaoled (4) to solidify the mol- 
ten lead- 
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Description 

BACKGROUND OF THE INVENTION 

The present Invention relates to a strap and, more 6 
particularly, to an Irrpwement of a method for forming 
it by cast-on-strap process, 

Prior Art 

10 

As for lead acid storage batteries, thera have been 
various proposals on the process of parallel connection 
of plates of the same poterfty in the same ceJi compart- 
ment by inserting a plats group in the cell compartments 
Off a moocblock container in which a plurality of cell com- is 
pariments are integrally prodded and a method of 
series connection of plate groups different In pdarfty in 
adjacent call corrpartrnents through partition walls in 
the contains 

For example, there is a cast-on-strap process as so 
one of processes for formation of steps for parallel con* 
nectai of plates of the same polarity in leed add stor- 
age batteries. Typical examples of formation of straps 
by such process will be explained below. 

A plate group ccrnpdsing positive plates, negative ss 
plates and separators js put in each cell cOTpertmentof 
a container in such a state that the plate lugs project 
from the container and the container is turned upside 
down that tie lug of each plate feces downward. A 
mold for forming a strap is placed under the container $o 
hek* upside down and a given amount of molten lead is 
fed in this mold. The tips of the plate lugs are dipped in 
this molten lead and are molten together with the molten 
lead. Then, the mdten lugs and the molten lead are 
solidified together, thereby to form a strap and simutfa* $5 
neousJy bond the plate lugs to each other. The moid lor 
forming the strap is heated to and kept at a temperature 
by a heater provided in tie mold and by a coding water 
so that the motten lead fed to the mold can be kept at 
good molten state, and after the moften lead and tie ad 
plate lugs are molten together the mold can be cooled. 

When a strap is formed by the above process, tie 
mold is previously heated, and lead which te kept In mol- 
ten state by heating to a ternperature higher than the 
mold temperature le fed in the mdd. The ternperature of 4s 
the led morten lead begins to lower Immediately after 
being poured into the mold due to the diffusion of ft eat 
to the atm o sp here and the mq*d. Furthermore, when the 
tps of tie lugs of the plate ^oup are dipped in the mol- 
ten lead, the temperature ot the lugs rises while the tern- so 
perature of tie molten lead In the mold further rapkSy 
lowers due to tie conducik^i of heat from the molten 
lead to the lugs, After they are left in this state for a 
given period, when the temperature of tie molten lead 
lowers to the solidification temperature, sglkfficaton & 
starts and the strap is formed, 

In addition to the cast-on-strap process mentioned 
above, there is a process described in JP 60-138S4SA 
which comprises allowing tie plate lugs and a solder to 



MM 2 

contact with each other in a connecting tod and melting 
the solder by higrtfrequency heating or induction heat- 
ing to sold a - the tips the plate lugs, whereby parallel 
connection of plates of the same polarity in the same 
ceil cornpartment and series connection of the plate 
groups of different polarity in the adjacent two cell com- 
partrnents are simultaneously carried out According to 
this process, a soWer which is lower in melting point 
than the lead alloy used in the above cast-on-strap proc- 
ess is used to weld the plate lugs. Therefore, cost for 
strap increases due to the use of solder. 

However, the cast-on-strap process has tie follow- 
ing various problems. 

(1) The control of welding conditions for welding of 
tie plate lugs with the strap in formation of the strap 
is carried out only by the temperature of molten 
lead fed in tie moid. Furthermore, since the strap is 
formed utilizing only tie heat energy of the molten 
lead fed in the mold, when the number of the pistes 
increases, much heat energy is needed in order to 
obtain a sufficient bond strengti between the plat© 
lugs and the strsp, which causes increase in the 
amount of molten lead used as a source for the 
heat energy. As a result, it becomes difficult to form 
a strap of small and thin type. 

(2) At the time of dipping the plate lugs in the molten 
lead fed in the mdd, the surface of tie molten lead 
fluctuates, and since me morten lead is coded and 
solidified before a sufffcisnttirns is given for the sur- 
face returning to the smooth state, the surface of 
tie strap waves, ami thickness of the strap 
becomes uneven. 

(3} If the plate lugs are not positioned at equal inter- 
vals, tie heat balance between tie plates is lost, 
resulting in variation in wekSng state of tie plates 
and the strap. 

(4) Defects such as cavity and shrinkage are apt to 
occur inside tie strap. 

(5) Flux coated on the surface of tie plate lugs 
decomposes with heat and gasifies. The solidifica- 
tion completes In a shod time before the generated 
gas is released to the outside, and, hence, the gas 
remains as voids in the strap. 

As stated above, the formation of a strap by tie 
conventional cast-on-strap process has many preterm. 
The rain reason therefor is that the heat source for 
waking of plates and strap te only the molten lead fed 
from the outside 

In order to solve tie problems, H is necessary to 
instantaneously and accurately supply tie energy 
required for welding from the outside. For example, in 
the case of the mold raving a heater therein, the mold 
par se becomes a great heat block and it is very difficult 
to perform the control of rapkd rising of temperature and 
tie accurate control of temperature of the melt 

The cooling and sdidffcation of tie molten lead for 
formation of strap start from the portion which contacts 
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with the plate lugs and the mdd. Therefore, the central 
portion finally sdidHies, and defects such as cavity and 
shrinkage era r in the central portion owing to the differ- 
ence in solk^ficaifon rata. 

Furthermore, preheating of the pfaie lugs is carried 
out for improving wekfebiiiry at ihe time of formation of 
strap and for removing flux with drying. For this pur- 
pose* equipments such as hot-air heating devices are 
needed 

SUMMARY OF THE INVENTION 

The present invention has solved the prod ems by 
providing a method for forming a strap for plate groups 
by cast-on-strap process wherein maiitfarariee of mol- 
ten slate erf pure lead or lead alloy fed to a mofct from the 
outside for formation of ihe strap and preheating of the 
lugs of piste groups are carried out by an induction 
heating device, and after the plate lugs are melt bonded 
to molten lead or lead alloy used for formation of the 
strap, a coolant such as water is sprayed from the 
undejskte of iha moki to carry out forced cooling, Tha 
present invention further provide the strap formed in this 
way; 

According to the present invention, a strap is 
formed wrm carrying out accurate control of tempera- 
ture of molten lead or lead alloy and using an induction 
heating device as a heating soiree. Therefore, even 
when tie number of th$ plates of the same polarity is 
great, for example, mors than ten, control of the temper- 
ature can be accurately carried out and it becomes pos- 
sible to form the strap of thin thickness of about 2/3 of 
the strap formed by the conv^c^ca^-othstrap proc- 
ess and, firihermore, the strap formed ts satisfactory in 
strength and corrosion resistance- Accordingly, amount 
of lead or lead alloy used can be reduced as compared 
with the corrwtttenal method. 

Moreover, by carrying out the cooling by spraying 
water as a coolant against the mold from the underside. 
solWiwrtion of marten lead alloy for formation of strap 
rapidly proceeds from the lower part of the mold and 
occurrence of pot weld can be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 (a) is a cross sectional view of a tool for term- 
ing a strap of lead add storage battery according to tie 
present invention. 

Fig. 1(b) Js a longitudinal sectional view of the tool 
shown in Rg. 1(a). 

Fig. 2 is an oblique view of a tod for the formation 
of strap used in ihe present invention. 

Fig. 3 is a flow chart of the steps in the Example of 
the present invention. 

Fig. 4 Is a graph which shew change of tempera- 
ture in the system in the Example of the present inven- 
tion 

Fig. 5 Is an external view of the strap of the present 
irtventfoa 



DESCRIPTION OF THE INVENTION 

An example of the present invention will be 
©(plained below. 

s In the following example explained referring to the 
accompanying drawings, formation of a strap of a plate 
group consisting of nine positive plates and ten negative 
plates having a lug of 10 mm in length, 1 .5 mm in thick- 
ness and 10 mm in width and series connection of cur- 

to rent collector of plate groups of different polarity are 
simultaneously carried out using an Induction heating 
device of 5 kW in output power and a grid comprising a 
lead-calcium-tin alloy. 

As shown in Fig. 1(a) and Fig. 1(b), a plate croup 

75 consisting of posftrve plates 5, negative plates 8 and 
$eparators is inserted in each of the ceil compartment 
of rrranoblock container 1 comprfsing a synthetic resin in 
Rich a state as the upper part of the plate group being 
exposed outside the container, and this container is 

20 turned upside down by 130° and held so that the piate 
lugs face downward as shown in Fig. 1(a) and Ftg. 1(b). 
Under tha plate luge, a stainless steel mold 3 for forma- 
tion of strap provided with Induction heating coil 2 is 
placed opposing the plat© lugs. The induction heating 

2$ ceil 2 is provided spacing about 2 mm from the tool and 
surrounding the mold 8 so that heat is uniformly gener- 
ated form ihe mofd 3. The m$d 3 for formation of Hie 
strap is preferably made of a heat-resistant material 
high in permeability and excellent in heat conduction. 

30 Moreover, a shower spraying means 4 tor water cooling 
is provided under the mold 3, 

By passing an electric current through the induction 
cdi 2 wfth an initial applied power of 5 kW (200 V, 25 A) 
and a frequency of 120 kHz, the moki 3 per se sur- 
as rounded by the col! can generate heat of up to about 
30Q*C in about 5 seconds {Ftg. 4). Control of the heat- 
ing state is carried out by detecting the heating state In 
accordance with signals from a temperature detector, 
with which the mold 3 ts equipped, and by changing the 

40 output to be applied to the coil from the electric source. 
A flux is coated on the lugs of the plate group and the 
tips of foe lugs are positioned at about S mm above the 
moid 3 and are kept at that position. As a result the lugs 
of the plate grotp also generate heat whn line of mag- 

4s netfo force of the induction cdi 2 and the temperature of 
the tips of the lugs rise to near 200°C When a molten 
lead obtained by heating pure lead to 400*G la fed into 
the mold 3 for formation of strap, the temperature of the 
molten lead lowers to near 310*C. However, even after 

so the molten lead Is fed, the moften lead is again heated 
to the preset temperature of 350*0 in about 3 seconds 
by passing an electric current through induction coiT2 to 
cause the mold 3 per se to generate heat. When the 
temperature of the molten lead reaches the preset tem- 

55 perature, the plate lugs kept above the mold 3 are 
dipped in the molten lead in the mold 3. 

Simultaneously wrth the tips of the lugs bdng 
inserted, the temperature of the molten lead lowers 
about t0 6 C, but rises again to 350*0 of the preset tem- 
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psraiure in about 1 .5 seconds due to heat generation of 
the mold 3 caused by line of magnstk: force from the coil 
2. Alter tfie temperature of the molten lead has reached 
the preset temperature and after lapse of further 3 sec- 
onds, passing of electric currant through the induction $ 
ccM 2 is stepped. At tie same time, water Is sprayed 
against the underpart of mold 3 from cooling shower 
spraying means 4fer3 seconds io forcedly cool the 
mold 3 and the strap from the underside. By carrying out 
a series of these steps, the formation of strap for plate *<? 
group of the same polarity In the samg cell compart- 
ment and the series connection between the collector 
parts of the plates of different polarity adjacent through 
partition walls of the container are completed. 

Fig. 3 shows the series connection step of tha lugs is 
of the plate group of the same poterny In the same ceil 
compartment and Fsg. 4 shows the change of tempera- 
tuf b with time during the step. According to the present 
invention, not only the heating of the mdten lead to the 
preset temperature can be carried out instantaneously so 
In 3-5 seconds, but also the heating time after doping of 
the tips of the lugs of the piste group can be optionally 
controlled. Therefore, rapid decrease of temperature of 
ires molten lead when the tips of fie lugs of the plate 
group are dipped in the molten lead in the strap forming s$ 
tool can be inhMed and, thus, welding of the strap and 
the tips c? the lugs can be performed under the condh 
tfcsns of small fluctuation In the temperature. Further- 
more, even when the lugs of the plates are not arranged 
at equal intervals, balance of heat applied to each plate so 
can be made uniform by controffing the molten state by 
heating and, as a resuft, weld strength with no fluctua- 
tion can be obtained. Moreover, after the lugs are 
dipped in the tod. good motten state of lead or lead 
alloy can be maintained by induction heating, and, ss 
therefore, it becomes possible to ensure the time neces- 
sary for the waving of the surface of the molten lead 
caused by dipping of the lugs to return to a smooth sur- 
face, and, as a result the thic&iess of the strap can be 
made uniform, Furthermore, even if tie flux coated on 40 
the surface of tie lugs decomposes with heat to gener- 
ate a gas, since the molten lead does not irnmediately 
solidify, the gas is not trapped in the strap and 
smoothly released. Therefore, tie gas does not remain 
in the strap as voids after fonretk^nofthestrapiMoreo- 46 
ver, rapid decrease of the temperature of the molten 
lead can be prevented by preheating the lugs by keep- 
ing them feeing downward above the strap forming tool 
in addition, by spraying water just under the strap form- 
ing tod to forcedly cool the tool, tie texture insWe the so 
strap becomes fine and, thus, formation of defects such 
as cavity and shrinkage in the central portion of the 
strap caused by ununrfcrm coding and solktf icaiion can 
be prevented In this example, formation of the strap 
was carried out in normal atmosphere, and when this is ss 
carried out in an inert gas atmosphere, oxidation of the 
surface portion of strap forming alloy in molten state can 
be prevented and the strap can bs kepi in more pre- 
ferred state. 



The strap 9 shewn in Fig. 5 which was produced by 
the present inverrticn has a length of 50 mra a width of 
13 mm and a thickness of S mm. and is thin and has a 
uniform thickness. Observation of the section of the 
welded portion of the strap and the pfate fugs showed 
that when the plate lugs were dipped In the molten lead 
at a depth of 3 mm, the portion of about 1 mm from tie 
tip of the lug was in melt-bonded state, and the remain- 
der portion of 2 mm was sore, but retained the shape of 
lug. Furmermore, a fillet (thick-wall) was sufficiently 
formed at the intersection of the plate lug and the strap, 
and no voids were seen. 

In this example, explanation is made of using pyre 
lead as a material for forming the strap. However, a 
strap can be similarly formed by using a lead alloy. Fur- 
thermore, the similar effects can also be obtained when 
a lead alloy other than the tead-caJciunvtin alloy h used 
as a grid alloy. Furthermore, in this example, a strap 
forming moid mads of a stainless steel was used, but a 
mold made of brass or ceramic coated with a metal thin 
flrn may aJso be used. The preset temperature of tie 
strap forming mold, the time of passing of electric cur- 
rent through coH and the cooling condrifon of the tod 
vary depend rig on the composition of the strap alloy 
used, conslraction of the pfate group, and shape of ihe 
strep and the ^ of the lug, and optimum values thereof 
can be easily found. 

As explained above, according to the present inven- 
tion, it becomes possible to easily carry out the forma- 
tion of the strap and the connection of the strap to the 
lugs of a plurality of plates of the same polarity con- 
tained in the ceil ccrrpartrne nt of the container, 

Moreover, the molten state of the strap forming 
material is accurately controlled by using an induction 
coil and B further, tne thickness of tfie strap is made thin, 
whereby the amount of lead used can be reduced and 
fie weight of batteries can be greatly decreased Fur- 
ther advantages are implement in productivity and 
reduction of cost for production of lead acid storage bat- 
teries 

Claims 

1 ■ A lead ackl storage battery having a construction in 
which lugs of a plurality of plates of the same pdar- 
rty placed in a cell compartment of a container are 
connected to a plate-IOce strap molded from pure 
lead or a lead alloy, having a uniform and thin thick' 
ness and haying no voids therein. 

2. A lead acid storage battery according to claim 1, 
wherein the pure lead or lead alloy which forms the 
strap is solidified in such a state as molten with a 
part of the lips of the plate lugs. 

3. A method for producing a lead acid storage battery 
by integrally connecting lugs of a plurality of plates 
of the same polarity placed In a cell ccMrpartrnsnt of 
a container to a strap by cast*on-strap process 



4 

This fax was received by GFI FAXmaker fax sep/er. For more information, visit: http:/A/vww. gfi.com 



From: 81335881397 Page: 38/51 Date: 10/17/2008 5:07:32 AM 



7 BFQimmM a 

wherein pure lead or a lead alloy in a molten state 
is contained in a strap forming mdd heated by 
induction heating, the fugs erf the pistes are partially 
inserted In the pure lead or lead alloy to mart at 
least the tips of tie lugs/ and then the whole meft is s 
forcedly cooled, 

4, A method according to claim 3, wherein the induc- 
tion healing Is carried out by applying an electric 
current wfifr a fretfjencyof 20-150 kHz toa coll pro- 1Q 
vided surrounding the strap forming moid, and con- 
trol of tie heating state is carried out by an electric 
source adjusted by a signal from a temperature 
detector with which tie strap forming mold k 
equipped w 

§, A method according to ciaim 3 or 4, wherein the 
forced coding of the strap forming mold and the 
strap is carried out by a coolant spraying means 
provided under the s&apforming moid. 20 

Amethcdacs^ngto wherein 
the formation of tia strap & carried out in an inert 
gas atmosphere 

ss 

7, A method ac^ormg to any of daims 3 to 6, wherein 
the strap tH-mtng moid made of a stainless steel. 

i„ A method accorcSng to any of claims 3 to 7, wherein 
the tips of the plate lugs are preheated by induction 20 
hating and then Inserted into the molten lead or 
lead alloy in the strap forming mold. 

A method for producing a lead add storage battery 
by integrally connecting lugs of a plurality of plates 35 
crfihesarr^pdaritypJa^^ 
a container to a strap by casfe-on-strap process 
which comprises applying an electric current with a 
fluency of 20-150 kHz to a coll provkied sur- 
rounding the strap forming mold made of a stain- 40 
less steel to allow the strap toning moid to 
generate heat by the induction heating, feeding 
pure lead or a lead ailoy In moften state in said strap 
forming mold, inserting a part of the lugs of the 
plates preheated by said induction heating in the 45 
pure lead or lead alloy, again heating the whole 
mdd by the Induction heating for a given period to 
melt at least tie tips of the lugs together wrth the 
moHen pure lead or lead alloy, and then, forcedly 
cooling the whole mold by ^praying a coolant from so 
a coolant spraying means provided under the mold. 
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